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UNITED STATES 
DEPARTMENT OF THE I NTERIOR 

GEOLOGI CAL SURVEY 

SEISMIC-REFRACTION MEASUREMENTS OF 

CRUSTAL STRUCTURE BETWEEN 

NEVADA TEST SITE AND LUDLOW, CALIFORNIA* 

by 

J. F. Gibbs** and J. C. Roller** 

Abstract 

Technica l Letter 
Crus t a l St udie s- 26 

December 19 1964 

Seismic-refraction measurement s from nuclear and chemical exp l osions 

were made along a line from the Nevada Test Site (NTS) to Ludlow, Califor nia, 

and additional recordings from nuclear explosions were made southward towa rd 

Calexico, California. The time of first arrivals from the Ludlow shotpoint 

is expressed as T0 = 0.00 + ~2.50 (assumed), T1 = 1.00 + ~6 .10, T2 = 2.81 

+ ~6.80, and T3 = 5.48 + ~7.76, where T is in seconds and di s t ance 6 i s in 

km. First arrival times from NTS fit the lines T1 = 0.74 + ~6.10, r 2 ~ 2.81 

+ ~6.80 (assumed), T3 = 6.70 + ~8.04 to a distance of 265 km, beyond 265 km 

T3 = 5.83 + ~7.75. The difference in the apparent veloc i ties of the Pn (T3 ) 

arrival is caused by variations in the dip of t he Mohorovicic discontinuit y. 

The thickness of the successive layers at NTS are Ho s 1 . 0 km ( v0 ~ 2.5 

km/sec), H1 = 13 km (v1 = 6.1 km/sec) , and H2 = 20 km (v2 = 6.8 km/ sec ) ; the 

total crustal thickness is 34 km. The successive crusta l layers at Ludlow 

have a thickness of H0 = 1.4 km, H1 = 13 km, and H2 = 13 km; the t ot a l crustal 

thickness is 27 km. 

* Work performed under ARPA Order No. 193-64 . ** U. S. Geological Survey, Denver, Colorado. 



UNI TED STATES 
DEPARTMENT OF THE INTERIOR 
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Technical Letter 
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December 1, 1964 

NEVADA TEST SITE AND LUDLOW, CALIFORNIA* 

by 

J. F. Gibbs** and J. C. Roller** 

I ntroduct i on 

The U. S. Geological Survey recorded a reversed se ismic~refraction 

profile between the Nevada Test Site and Ludlow, Cali fornia 9 i n Augus t 1962 

(Fig. 1). Recordings from the Ludlow shotpoint were made at 26 locations 

from 3 chemical explosions of 4,ooo, 8, 000, and 12,000 pounds . The Ludlow 

shotpoint was located at lat 34 °49 .36 ' N and l ong ll6 °ll.02u w. The f irst 

charge (Table 1) was in a single dr i l l hole ; the lar ger t wo char ges were 

distributed, respectively, in 3 and 4 dr il l ho les 50 f t apart. The 

alluvium underlying the drill holes was cal cul ated to be 1.4 km ( 4600 ft. ) 

thick from close-in recordings. The reverse of t his pr ofi l e was ob t a i ned 

from 5 underground nuclear explosions at the Nevada Test Site . Recordings 

were made at 14 locations between NTS and Ludlow, plus 12 locations beyond 

Ludlow southward towards Calexico, California (Tab le 1) . Ten seismic~ 

recording units (Warrick and others, 1961 ) were used t o make t he recordings. 

Jackson and others (1963) have described the f i eld procedure s used in this 

study. 

* Work performed under ARPA Order No . 193- 64. 
** U. S. Geological Survey, Denver , Colorado. 
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Figure 1.--Index map showing location of shot a reas (triangles), seismic 
stations (round dots), and generalized geology at recording 
locations. 
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Table 1. -- Recording locations 

Shot: Ludlow 4* 4 1000 lbs. 

Recording End of Latitude , Longitude , Altitude'**.v 
unit spread North West meters --

H w 35 °31.71 I 116°10.72 1 

E 35°30.41 1 116° 10,32 I 229 

I w 35°36.35 1 116°14.75 ' 
E 35°35.34 1 116°13.64 1 229 

J w 35°21 .74 1 116°06.29' 
E 35°20 .80' 116°05 .10' 274 

K w 35°07 .78 1 116°Q6 .38 a 
E 35°06 . 50 ' 11eo6.34' 290 

I 

L w 34°56 . 65 1 116°11 ,21 I 

E 34°58.00 1 116°11.09 1 411 

p w 34°52.29 1 116°11.56 1 

E 34°50.98 1 116°11,12' 411 

Q w 35°11,40 I 116°07, 61 I 
E 35°10.41 1 116°06.56 ' 290 

R w 35°18.12 1 11eo4.91 I 
E 35'0 16.80 1 11eo4.5o 1 274 

s w 35°26.36 1 116°09.19 I 

E 35°25 . 20 ' n e o8.31' 229 

T w 35°10,17 I 116°06.40 1 

E 35°08.89' 116°06.36 ' 290 

* Ludlow shots 1, 2, and 3 were recorded a long another profile. 

** Altitude at center of spread. 
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Table !.--Recording l ocations (continued ) 

Shot: Ludlow 2 81000 lbs. 

Recording End of Latitude, Longitude, Al titude , 
unit s2read North West meter s 

H w 36°20.67' 116°02,97 I 

E 36°19 .38' 116°02. 52 1 914 

I w 36°25 • 74 I 116°04 . 26 1 

E 36°24.39 1 116°03 .96' 1021 

J w 36°11.66' 11eo8.02 1 

E 36°10.50' 116°07 , 18 I 777 

K w 35°48.95' 116°08 .86 1 

E 35°50.14 1 116°08 .39 I 610 

L w 35°47.68 1 116°05 .77 1 

E 35°46.44 1 116°05 • 54 I 686 

p w 35°41.10 ' 116°17 .64 1 

E 35°39-78 1 116°17 .37 1 152 

Q w 36°00 .81 1 116°11.79 I 
E 36°02 .15' 116°11 . 40 I 945 

R w 36°05.56 1 n en . 24 1 

E 36°06 .90 1 116° 10.90 1 823 

s w 36°15.75 1 116°10 ,08 I 
E 36°14 .46 1 116°09 , 43 I 777 

T w 35 °55.89 I 116°15 .87 1 

E 35°54.60 1 116°15.78 1 457 
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Table 1.-- Record ing locations (cont inued) 

Shot: Ludlow 6 121000 lbs . 

Recording End of Latitude, Longi tude, Altitude, 
unit s2read North We st me t er s 

H w 37°09 ·75 1 116°05.81 I 
E 37°08 . 59 1 116°04.93 I 1357 

I N 37°05.64 1 116°07.12 1 

s 37°04.29 1 116°07.12 1 1341 

J w 37°01.30 1 116°04.97 I 
E 36.59 ·96 1 116"04.75 I 1250 

K w 36°38.80 1 116°05 .70 ' 
E 36°38.001 116°04 .37 I 1158 

L w 36°36.15 1 116°03.51 I 
E 3e37. 26 1 116°02. 64 I 991 

p w 36°30.30 1 116°o8 o34 I 

E 36. 28 .921 116°08. 19 I 762 

Q w 36°50.05 1 116°08. 12 I 
E 36°49 .00 1 116°07.16 I 1295 

R w 36°44.70 1
- 116°01.11 I 

E 36°43 .61 1 116°00.30 1 1036 

T w 36°54.27 1 116°10 .37 ' 
E 36°52.97' 116°09 •95 I 1433 
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Table 1.--Recording locations (continued) 

Shot: NTS 1*** 

Recording End of Latitude, Longitude, Altitude , 
unit s2read North West meters 

I w 35°10.10' 116°06.50 1 

E 35°08.80 1 116°06.38 1 290 

J w 35 °21.75 I 116°06.30 I 
E 35°20.75 1 116°05 o 10 I 274 

K w. 35°3lo75 I 116°10.72 1 

E -35°30.40 1 116.10.22 1 229 

L w 34 °49.36 1 116.11.02' 
E 34°48.17 1 11e10.30 1 396 

p N 34°39.85 1 116°09.00 1 

s 34°38.70 1 116°09.00 1 579 

*** Numbers assigned to NTS shots were chosen arbitrarily. 
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Table 1.--Recording locations (continued) 

Shot: NTS2 

Recording End of Latitude, Longitude, Altitude, 
unit spread North West meters 

I w 35°10.97' 116°07.05 I 

E 35°09.17 1 116°06.45 I 290 

J w 35°47.53 1 11eo5.70 1 

E 35°46.53' 116°05.60 1 686 

K w 35°40.60 1 116°17 •93 I 

E 35°39.25 1 116°17 o65 I 152 

p w 35 °31.75 I 116°10.78 1 

E 35°30.40 1 116°10.35 I 229 

s w 35°05.97 1 116°08.00 1 

E 35°07.20 1 116°07.28 1 335 

T w 34 °56.45 I 116°11.13' 
E 34°57.80 1 116°11.10 1 411 
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Table 1.--Recording locations (continued) 

Shot: NTS 3 

Recording End of Latitude, Longitude, Altitude ; 
unit spread North West meters 

J w 35°47.70' 116°05 .82' 
E 35°46.45' 116°05.60' 686 

K N 36°23 • 50 I 116°18.08' 
s 36°22.06' 116°18 .08' 671 

p w 35°58.03' 116°16.13' 
E 35°56.75' 116°16.11' 457 

Q w 36°11.70' 116°08.00' 
E 36°10.50' 116°07 .17' 777 

R w 36°31.80 I neo8.5o ' 
E 36°30.44' 116°08.30' 777 
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Table 1.--Recording locations (continued) 

Shot: NTS4 

Recording End of Latitude, Longitude, Altitude , 
unit spread North West meters 

I w 32°49.02 1 115°58 .33 I 

E 32°47 ·99' 115 °57.38 I 34 

p w 33 o44 •93 I 115 °49.47 I 
E 33°46.21' 115°49 . 14' 886 

Q w 33°37 . 64 1 115 °31.91' 
E 33 °36.27' 115°31.88 1 533 

R N 33 °16.39 I 115 °34.75 I 

s 33°15.06 1 115 °34.75 I ~67 

·s w 34°10 .77' 115°57 .93' 
E 34°11.96 1 115°57 .60 1 518 

T w 35°10.98 1 116°07 .06' 
E 35 °09 .89 I 116°06 . 48 I 290 
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Table 1.--Recording locations (concluded) 

Shot: NTS 5 

Recording End . of Latitude, Longitude, Altitude , 
unit SJ;!read North West meters 

I w 33°18.45' 115 °21.15 I 

E 33 °19,65 I 115°20.37' 366 

K w 33°05.98 1 114 °56.73 I 

E 33°04.75 1 114 °56.49 I 335 

p w 33°44.93 1 115°49.47 1 

E 33°46.21 1 115°49.14 1 886 

Q w 33°07.43 1 116°36.04 I 
E 33°06.15 1 11e36.o2 1 1387 

R w 32°44.43 1 116°21.61 I 

E 32°43 • 77 I ne2L48 1 1158 

s w 33°38.55' 116°38.22' 
E 33°39.60 1 116°37.38 1 1524 

T w 33°44.93 1 115 °49 o47 I 

E 33°46.21 1 115 °49.14 I 886 
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Geology and Physiography 

The profile lies entirely within the Basin and Range Province } 

starting in the south end of the Great Basin and terminat ing in t he 

Sonoran Desert (Fenneman, 1946). The complex geology of the region 

is characterized by a series of basins , ranges , and associated fau l ts 

that generally strike northwest. All the major di v i s i ons of geologic 

time are represented by the rocks exposed in this region ( Nolan, 1943). 

The Precambrian rocks have been studied lit tle, but sever al unconfo rm

able series have been distinguished . The Paleozoic and early Mesozoic 

deposits suggest a persistent geosyncline , in which many thousands of 

feet of sediments were deposited. In mid-Mesozoi c t i me , the sea was 

expelled from the province, and later Mesozo i c and Ceno zoic depos it s 

are composed of widely distributed loca l accumu l ations of non-marine 

sedimentary beds and intrusive and extrus i ve igneous r ocks (No l an, 

1943). The seismic profile traverses many of t he northwestward s t r iking 

ranges. Some of the major topographic features include the Spect r e 

Range, Spring Mountains, Pahrump Valley, Nopah Range, Silurian Hills , 

Shadow Range, Soda Mountains , Bristol Range and the Cody Mounta ins . 

The average altitude of the recording locations is 671 m with the h i ghest 

station at 1524 m in the San Jacinto Mountains and the l owes t - 67 m nea r 

the Salton Sea. 
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Characteristics of Sei smograms 

Ludlow 

The Ludlow shotpoint proved to be r elatively effic ient in con~ 

verting explosive energy to seismic energy. Se ismogr ams r ecorded 

from Ludlow are of good quality t o a di s t ance of about 175 km; beyond 

that distance they are generally useable a lthough t hey have higher 

background noise and the first upward comp r e ss ional motion cannot be 

observed on all seismograms. 

First arrivals for 11 seismograms r ecorded from Ludl ow t o a 

distance of 94 km are identified as Pg , a wave t hat t ravels in the 

upper crust (Table 2). The first upward compress iona l mot i on can be 

observed on most of these recordings ( Fi g. 2) . Fi rs t arrivals on 5 

seismograms recorded at dist ances ranging from 106 t o 150 km are 

tentatively identified as P*, a wave that is critica lly r efracted 

from an intermediate layer i n the crust. First arr i va l s on 8 se ismo~ 

grams recorded in the distance range fr om 150 t o 203 km are identif ied 

as P
0

, the wave that is critical l y refracted from the upper mant l e 

below the Mohorovicic discontinuity. A large-amp l i tude wave tra in 

that follows Pn by several seconds i s identif i ed as P (Fig. 2). 

This event has an apparent ve l ocity of 6 .1 km/ sec . The nature of P 

has been ~iscussed by Ryall and Stuart (1963) , Roller and Hea ly ( 1963), 

and others. 
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Table 2.--Arrival times of prominent phases. Times within parentheses are 
for questionable or weak arrivals . 

Distance to Traveltime in Seconds 
Shot Recording nearest pg P* PMP pn p 

Number Unit seismometer , km 

Ludlow 

4 p 3.00 1.17 

4 L 13.48 3.27 

4 K 32 . 48 6 .33 

4 T 36.8o 7.01 

t-' 4 
\.)J 

Q 39 . 51 7.57 

4 R 51.70 9 · 55 

4 J 58.82 10.73 

4 s 66.81 12. 02 12 . 67 13 . 48 

4 H 75 -91 13.66 14. 04 14 . 80 15 . 41 

4 I 85 .11 15 .04 15.32 15.98 16 . 57 

5 p 94 .71 16.72 17.32 17 .75 

5 L 105 .87 18 . 49 18.77 19 .30 

5 K 110.24 19.29 19.04 19.36 19 . 80 



Table 2.--Arrival times of prominent phases. Times within parentheses are 
for questionable or weak arrivals. (Continued) 

Distance to Traveltime in Seconds 
Shot Recording nearest p P* PMP p p 

Number Unit seismometer km 
g n 

Ludlow 

5 T 120.85 20.82 21.73 21.32 

5 Q 132.12 22.25 22.55 

5 R 140.90 23.71 23 . 83 24.50 

5 J 150.15 24.98(Pn?) 25.97 

5 s 157.85 26.16 26.00 27.35 
...... 
+ 5 H 166.96 27.01 28.70 

5 I 176.55 28.87 28.29 30.20 

6 p 184.15 30.02 2<).41 31.36 

6 L 197.80 31.19 33 . 60 

6 K 201.15 31.59 (34.18) 

6 R 211.89 (33.02) 36.02 

6 T 228 .59 38.94 

6 I 249 . 59 42.33 



Table 2.--Arrival times of prominent phases. Times within parentheses are 
for questionable or weak arrivals. (Continued) 

Distance to Traveltime in Seconds 
Shot Recording nearest pg P* PMP Po p 

Number Unit seismometer km 

NTS 

3 R 67-27 11.74 

3 K 84.17 14.55 

3 Q 103.23 17.58 19.93 

3 p 129.72 23.25 

2 J 140.66 24.99 24.15 

1-' 
3 J 147.86 26.01 \.Jl 25-29 

2 K 154.85 26.72 25-97 

2 p 170.34 28.84 27.98 

1 J 187.07 30.05 31.97 

4 T 206.18 32.60 35 . 41 

2 I 207.89 32.73 35 -65 

1 I 209.69 32.90 35.75 

2 s 215.33 33 . 63 36 . 43 

2 T 232. 51 35 .54 39 . 39 



Table 2.--Arrival times of prominent phases . Times within parentheses are 
for questionable of weak arrivals. (Concluded) 

Distance to Traveltime in Seconds --Shot Recording nearest p P* pll pn p 
Number Unit seismometer km g 

NTS 

1 L 247.32 37.44 42.14 

1 p 264.29 39.49 44.56 

4 s 315.61 46.33 

4 p 363.18 52.73 

...... 5 p 375.51 54.26 
0\ 

5 T 375.51 54.13 

4 Q 381.17 54.70 

5 s 390 . 57 56.28 

5 I 428.96 ( 60.49) 

5 Q 449 .37 63 . 67 

5 K 460.48 ( 64.53) 

4 I 468.45 ( 65 .oo) 

5 R 490.15 69 .05 
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Figure 2.--Selected seismograms from chemical explosions illustrating phases used in interpretation. 



Six seismograms in the distance range 67 to 112 km show a group 

of strong secondary arrivals which are tentatively identified as 

reflections from the Mohorovicic discontinuity. This event, PMP, i s 

shown on the reduced traveltime curve (Fig. 3) between P* and the 

backward extension of Pn. It is not observed beyond the crossover 

point of Pg and P*. These events occur earlier than the backward 

extension of the Pn line, which suggests that the Mohorovicic dis~ 

continuity is not a flat surface but changes dip along the profile. 

Nevada Test Site (NTS) 

The reverse of this profile was made by recording 5 underground 

nuclear explosions at the Nevada Test Site. Three of these explosions 

were recorded at 12 locations between NTS and Ludlow, California . 

The maximum distance between shotpoints at the Test Site was 9 .7 km 

between 3 and 4. Shot numbers 2, 1, 5, and 4 are all within a rad ius 

of less than 1 km . Despite the scatter of shotpoints, the traveltimes 

show a systematic agreement. Seismic waves from Shot 3 were recorded 

at 5 locations in the distance range 66 to 150 km; 2 was recorded at 

6 locations in the distance range 140 to 235 km; 4 and 5 were recorded 

to distances of 490 km; and 1 was recorded at 5 locations in the distance 

range 170 to 267 km . Seismograms from the nuclear explosions are of good 

quality with a high signal-to-noise ratio. 

The phase Pg can be identified on 3 seismograms at distances less 

than 105 km. Beyond 105 km, Pg was not observed as a distinguishable 

arrival. The phase Pn is observed as a first arrival on 21 seismograms 

in the distance range from 140 to 490 km. 

18 



-..... (.) 
\!) Q) 

(f) ..._... 

0 
<..0 
.......... 
<J 

I 
Q) 

E 
~ 

3 

2 

\ 

0 
NTS 

-I 

I 
-2 

-3 

-4 

250 

/ I 
/ 

LUDLOW 

200 150 100 50 0 

Distance { k m) 
Figure 3.--Reduced travel-time-distance graph Ludlow to NTS. 



Several other arrivals are ob served on t he seismograms recorded 

from nuclear explosions . TI1e phase PMP was tentatively i dentif i ed on 

6 seismograms in the distance range from 100 t o 175 km. A very large 

amplitude event which follows an extension of the Pg traveltime line 

(Fig. 4) by approximately 2 seconds was observed and tentat ively 

identified as P. Three seismograms recorded i n Imperial Valley area 

have Pn arrivals which are 1.1 sec (14), 0.6 sec (K5), and 0 .6 sec 

(15) earlier than an extension of the Pn line. The altitudes of the se 

stations are -30 m, 335 m, and 366 m, respective l y . Record 14 was made 

on alluvium, K5 on Tertiary volcanic r ock, and 15 on a Precambrian 

outcrop. These early arr iva l s do not seem t o be caused ent i rely by 

local geology or altitude and may suggest a thinning of the crust in 

the area of the Salton Trough . 

Time of First Arriva l s 

The first waves from NTS t o reach recording locat ions to a distance 

of 155 km fit the line T1 ~ 0 . 74 + ~6.10 . Three positions were r ecorded 

in this distance range and t he scatter of the arrival is less than 0 . 1 

sec. From 135 km to the P8-Pn crossover, the true first arr ivals on 3 

recordings are not distinguishable from the noise . In the di stance range 

155 to 265 km from NTS, first arrivals fit the line T3 = 6 . 70 + ~8 , 04 . 

With the exception of the arrivals on one seismogram, they all fa ll within 

0.1 sec of this line. The exception deviates from the l i ne by less than 

0 . 3 sec. In the distance range 315 km to 490 km, the first arrivals fr om 

8 seismograms fit the line T4 = 5.83 + ~7 .75 . 
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The first waves from Ludlow shotpoint to reach recording locations 

to a distance of 95 km fit the line T1 = 1.00 + ~6.10, with a maximum 

deviation of 0.1 seconds. The first arrivals in the distance range 

103 to 152 km fit the line T2 = 2.81 + ~6.80. Again in this range , 

all the first arrivals fit this line within 0.1 sec. The first arrivals 

in the distance range 152 to 215 km fit the line T3 = 5.48 + ~7.76. 

The largest deviation from this line is less than 0 . 2 sec . 

Depth Calculations 

Using the zero intercept times and the apparent velocities of 

only the first arrivals, depth calculations (Table 3) were made for two 

crustal models (Mota, 1954). Disregarding the evidence for an inter

mediate layer, the depth to the crust-mantle interface was calculated to 

be 30 km at NTS and 22 km at Ludlow (Table 3, Model I). The sedimentary 

deposits at NTS were calculated (assuming a velocity of 2.50 km/sec ) t o 

be 1.0 km thick, and at Ludlow they were calculated to be 1.4 km thick . 

The depth of 30 km in the area of the Nevada Test Site agrees well with 

other authors. Ryall and Stuart (1963) report the depth to the Mohor o

vicic discontinuity as 24.3 km. This depth was calculated from an 

unreversed profile extending eastward from the Nevada Test Site using a 

one-layer crust. Diment, Stewart, and Roller (1961) report a depth , 

using a one-layer crustal model, of 28 km to the Mohorovicic discontinuity 

from recordings southeast of the Nevada Test Site. Pakiser and Hill (1963 ) 

report a one-layer crustal thickness of 28 km along an unreversed profile 

north of the Nevada Test Site. 
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Table 3.--Computed Crustal Mode l s 

Layer 

Model I 

From Ludlow 
Velocity Thickness 
(km/sec) (km) 

2.50 

6.10 

1.4 

21 

Total depth to Mohorovicic 

Layer 

discontinuity 22 

Model II 

From Ludlow 
Velocity Thickness 
(km/sec) (km) 

2.50 

6.10 

6.80 

7.76 

1.4 

13 

13 

Total depth to Mohorovicic 
discontinuity 27 

23 

From Nevada Tes t Si te 
Velocity Thickne ss 
(km/sec) ( km) 

2 . 50 

6.10 

8 .04 

1.0 

Total depth to Mohorovicic 
discontinuity 30 

From Nevada Test Site 
Velocity Th i ckness 
(km/sec) (km) 

2 . 50 1.0 

6.10 13 
( assumed ) 

6.80 (assumed) 20 

8.04 

Total depth to Mohor ovicic 
discontinuity 34 



Model I was computed to show the extent of agreement. The preferred 

model using the strong evidence for an intermediate layer is shown in 

Model II and Figure 5 (Table 3). A depth to the Mohorovicic discontinuity 

of 27 km was calculated at Ludlow by using a two-layer crust and assuming 

that the apparent velocity of 6.8 km/sec recorded from Ludlow is the true 

velocity of the intermediate layer. If we assume that the thickness o f the 

upper layer in the crust is the same at NTS as it is at Ludlow, a depth to 

the Mohorovicic discontinuity of 34 km can be calculated at NTS. Thi s 

would make the thickness of the intermediate layer 13 km at Ludlow and 20 

km at NTS. The total depth at NTS was calculated on the assumption o f 

constant dip on the upper-mantle surface. 

By using the reflected events identified as PMt, the depth of the 

reflecting surface was computed to be approximately 23 km immediately north 

of Ludlow. This suggests that this event is a reflection from an irregular 

surface on the upper mantle. 

The 3 early arrivals on nuclear recordings near the Salton Sea are 

approximately 0.6 sec earlier than an extension of the Pn line. If we 

assume that all of this time difference is due to thinning of the crust 

and not to velocity changes, the depth to the Mohorovicic discontinu i ty 

would be 7 km shallower near the Salton Sea than at Ludlow, or about 

20 km. 
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Amplitudes 

Because of the difficulty of observing the first upward compressiona l 

motion on seismograms at large distances, amplitudes were sca led from the 

first trough to the second peak (Fig. 6). A charge size of 4 ,000 l bs was 

used to normalize the amplit~es, on the assumption that a linear function 

exists between charge size and amplitude. The amplitudes of t he r everse 

profile from NTS are not plotted. Only relative amplitudes wi l l be di scussed 

for this half of the profile. The phase Pg attenuates very rapidly t o a 

distance of 110 km from t~e Ludlow shotpoint. Beyond this dis t ance Pg 

arrivals cannot be positively identified. On 7 seismograms large~ amp l itude 

events identified as reflections from the Mohorovicic discont inui ty occur 

as secondary arrivals in the distance range 67 to 121 km. 

The phase P* appears as a secondary arrival from 65 t o 105 km and as a 

first arrival from 110 to 155 km; it has approximately the same attenuation 

with distance as Pg (Fig. 6). 

The phase Pn is weak appearing as a first arrival at 150 km and dis

appearing into the noise at 215 km. The largest amplitude arr i vals i n the 

distance range 140 to 250 km are identified as P. 

Amplitudes from the nuclear explosions are very much like those ob served 

from the Ludlow shotpoint. The phase Pg drops off very rapidly with distance 

and is not distinguishable from the noise at 135 km. Large~amplitude events 

arriving at a time appropriate . for reflections from the Moh orovicic di s~ 

continuity are observed on 6 recordings in the distance range 105 t o 170 km . 
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Figure 6.--Graph showing phase amplitude vs. distance from Ludlow chemical explosions. 



A very large amplitude event is observed on 5 se i smograms i n the distance 

range 135 to 190 km. This event has approximate l y 3 time s the amp l itude 

of PMP and has the largest amplitude on the se i smogram. It has not yet 

been identified. 

Conc l us ions 

A Pg velocity of 6.10 km/sec was recorded from bot h directions . 

The velocity of Pn from Ludlow to NTS i s 7.76 km/sec and t he rever se is 

8.04 km/sec, A dip of 1.7° in the Mohorovicic di scontinui ty woul d account 

for this difference in the apparent veloci t i es. 

Using a one-way refraction profile from Ludlow southwar d, t he velocity 

of Pn decreases to 7.75 km/sec. Th i s would i ndi cate t ha t the Mohor ovicic 

discontinuity begins to flatten out at a distance of 315 km south of NTS. 

An intermediate-layer velocity of 6.80 km/ sec was determined f r om fir s t 

arrivals from the Ludlow shotpoint. No evidence for an inte rmedi ate l ayer 

was observed from the NTS; however, the separa t i on between recording 

locations from NTS may have been too gr eat t o establish the presence of an 

intermediate layer. 

The thickness of the crust is computed t o be 27 and 34 km a t Ludlow 

and NTS, respectively. Evidence was found that i ndicat es t he cr ust may be 

as thin as 20 km in the Salton Sea area . 
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